There is growing evidence that adenosine plays a crucial role in basal ganglia 
Introduction
The neostriatum is a central component of the basal ganglia and is crucial for control of voluntary movement and intentional behaviour. Dysfunction of the striatum underlies the symptoms of Parkinson's disease, Huntington's disease, and several other movement disorders. The principal neuron of the neostriatum is a spiny projection neuron (Somogyi et al. 1981; Wilson and Groves 1980) , which accounts for the great majority of neurons in the rat neostriatum (Oorschot 1996) . The spiny projection neurons produce local axon collaterals that make GABAergic synapses (Fujiyama et al. 2000) with other spiny projection neurons to form an interconnected network, in which several classes of interneuron also participate (Tepper and Bolam 2004) . The operation of this microcircuitry is crucial for normal movement and behaviour.
The electrophysiological operation of the neostriatal network has only begun to be elucidated. Recent reports show that spiny projection neurons provide functional synaptic input to one another via their local axon collaterals (Czubayko and Plenz 2002; Koos et al. 2004; Tunstall et al. 2002; Venance et al. 2004) . Spiny projection neurons also receive inputs from several types of GABAergic interneuron, including a fast-spiking (FS) interneuron that has been shown to exert strong inhibitory control over neostriatal output (Koos and Tepper 1999) . This GABAergic circuitry, comprising feedback inhibition by spiny projection neurons and feedforward inhibition by FS interneurons, plays a critical role in integrating cortical inputs and regulating basal ganglia output activity (Kita 1993; Koos and Tepper 1999; Plenz 2003) .
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There is growing evidence that adenosine plays an important role in basal ganglia function (Richardson et al. 1997; Svenningsson et al. 1999) . Adenosine is an endogenous purine released (or generated) intracellularly and extracellularly. It is present at low levels (20-300 nM) in the extracellular space, and interacts with specific receptors. Adenosine has four G protein-coupled, membrane-bound receptor subtypes designated A 1 , A 2A , A 2B , and A 3 . Of these subtypes, the adenosine A 2A receptor is highly expressed in the striatum, particularly on striatopallidal projection neurons (Dixon et al. 1996) . Recently, antagonists of adenosine A 2A receptors have emerged as an important new class of effective anti-parkinsonian agents (Hauser and Schwarzschild 2005; Jenner 2005 ). Previous brain slice electrophysiological studies have shown that A 2A receptors facilitate GABAergic transmission in the globus pallidus, a major projection area of the neostriatal spiny projection neurons (Shindou et al. 2003) . Paradoxically, it has been reported that A 2A receptors decrease GABAergic transmission in the neostriatum (Mori et al. 1996) , suggesting opposite effects of A 2A receptors on the pallidal and striatal terminals of the same spiny neurons. However, since field stimulation was used to evoke IPSCs in the neostriatum (Mori et al. 1996) , both FS interneurons and spiny projection neurons may have been activated. Thus it is important to determine the effects of A 2A receptors on GABAergic transmission in the neostriatum that are mediated by spiny projection neurons.
We used dual whole-cell recording to measure the effects of adenosine A 2A agonists on GABAergic synaptic transmission in the striatum. We investigated postsynaptic responses to single action potentials evoked in the presynaptic neuron, before and GABAergic synaptic connections were detected in 29% of spiny projection neuron pairs tested (56/194, Figure 1D ). In these pairs, inward-going postsynaptic currents were measured in response to a single action potential evoked in the presynaptic spiny projection neuron. These inward currents were completely suppressed by the GABA A antagonist bicuculline (10 µM, data not shown), therefore, the evoked synaptic currents were GABA A -receptor mediated IPSCs. Reciprocal connections were rare, occurring in only 7% of connected pairs (4 of 56 pairs). The amplitude, 10-90% rise time, width at half amplitude, and latency of the IPSCs were 22 ± 4 pA, 1.1 ± 0.1 ms, 8.1 ± 0.6 ms, and 0.9 ± 0.1 ms, respectively (n=41). The distances between the somata of the connected spiny projection neuron pairs that were reconstructed ranged from 46 to 140 µm (89 ± 4 µm, n=35). The probability of a connection existing between spiny projection neurons was estimated from this data to be 0.15 (60 of 388 chances).
Next, we examined the action of A 2A receptors on spiny projection neuron interactions. The effects of an adenosine A 2A receptor agonist CGS21680 on the IPSCs were tested in 17 connected spiny projection neuron pairs. An example pair is shown in Figure 2 (A and B) . Bath application of CGS21680 0.1 µM had no significant effect on the IPSC amplitudes, but 0.3 and 1.0 µM of CGS21680 increased the amplitude of the IPSCs. Group averages showed these effects were statistically significant, with CGS21680 producing EPSC amplitudes 100 ± 3% (n=7), 140 ± 11% (p < 0.05, n=6), and 150 ± 28% (p < 0.05, n=4) of control at 0.1, 0.3 and 1.0 µM respectively ( Figure 2C ).
Analysis of individual spiny neuron pairs using non parametric statistics showed a non-uniform effect. At 1 µM CGS21680 in three of four tested pairs, there were no significant differences between before and during application of CGS21680. One tested pair showed a significant difference between before and during application (P=0.007, Mann-Whitney U-test). At 0.3 µM CGS21680 two of six tested pairs showed a significant difference (P<0.05) between before and during application. In the remaining four pairs there were no significant differences between before and during application of CGS21680. Combining these results, 3 of 9 pairs tested individually showed a significant effect of CGS21680. While these proportions are not inconsistent with the existence of different subclasses of presynaptic spiny neurons, we could not determine which of the presynaptic neurons was a striatopallidal versus striatonigral neuron in these experiments.
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The CGS21680 (0.3 µM)-induced enhancement of spiny projection neuron IPSCs was accompanied by a reduction in the paired-pulse ratio (PPR, Figure 3 , A1 and A2).
Synaptic responses were elicited at 50 ms interesponse intervals. Before application of CGS21680, the ratio of the amplitudes was 0.95 ± 0.07 (n=6). Application of CGS21680 (0.3 µM) led to an increase of the first IPSC, accompanied by a reduction in the PPR to 0.74 ± 0.07 in the same neurons (n=6, p < 0.05, Figure 3A2 ).
Application of CGS21680 also caused a decrease in the mean failure rate ( figure   3A3 ). The failure rate was 0.47 ± 0.11 prior to CGS21680 application, and decreased Figure 3B ). Double-labelling of A 2A receptors ( Figure 3B1 ) and biocytin-filled spiny projection neurons ( Figure 3B2 ) was evident in axon terminals ( Figure 3B3 , arrowheads) and also in some dendritic spines ( Figure 3B3, arrows) . The presence of A 2A receptors on dendritic spines suggests potential postynaptic actions on the glutamatergic afferents to the striatum, which terminate on dendritic spines. The labelling of axon terminals of spiny projection neurons, which synapse with somata, dendrites, and spine shafts of other spiny projection neurons, is consistent with the presynaptic locus of action suggested by the actions of CGS21680 on paired-pulse ratios and failure rates.
The action of CGS21680 on IPSC amplitude had a slow onset and was slow to reverse, as previously described (Mori et al. 1996; Shindou et al. 2003) . The decrease in the PPR also had a slow onset and was slow to reverse. To demonstrate the timecourse of effect onset and its subsequent reversal the data for all cases combined is shown in Figures 4, A and B . In the figure, data for IPSCs from CGS21680 0.3 µM and 1.0 µM groups were pooled, there being no significant differences between them.
Although washout was slow, the effects reversed, as evidenced by finding no significant differences between baseline and wash-out after CGS21680 0.3 µM (P=0.4123, n=6) or 1.0 µM (P=0.1516, n=4).
Discussion
The main finding of the present study is that A 2A receptors facilitate GABAergic Several pieces of evidence suggest a presynaptic locus of action by A 2A receptors on spiny projection neuron terminals in the striatum. We found that the increase in GABAergic synaptic transmission by projection neurons was associated with a reduction in the paired-pulse ratios and a decreased failure rate, consistent with a presynaptic action of A 2A receptors. Also, our immunohistochemical results showed that A 2A receptors were expressed on presynaptic terminals of spiny projection neurons. Although we also observed postsynaptic A 2A receptors on spiny dendrites, as previously reported (Hettinger et al. 2001) , these postsynaptic receptors are unlikely to mediate the effects we observed. Firstly, Mori et al (1996) found no effects of A 2A agonists on postsynaptic responses of spiny neurons to exogenously applied GABA, as would be expected if A 2A receptors acted postsynaptically to modulate GABAergic responses. Secondly, the localisation of postsynaptic A 2A receptors to dendritic spines is more suggestive of a modulatory effect on the glutamatergic, excitatory inputs to projection neurons (Ferre et al. 2002; Kachroo et al. 2005; Norenberg et al. 1997; Popoli et al. 1995; Wirkner et al. 2000) , which synapse on dendritic spines, than inhibitory inputs,, which commonly synapse on dendritic shafts. Collectively, these (Fukai and Tanaka 1997) . Although it has been argued that the sparse connectivity of spiny projection neurons is not consistent with "winnertake-all" dynamics (Koos et al. 2004; Tepper et al. 2004 ) realistic values of connectivity have been shown to be consistent with feedback regulation of activity and competitive modes of activity (Wickens et al. 2007) . Modulating the efficacy of the spiny neuron connections may significantly alter striatal dynamics. 
